Although the combination of alcohol and sex is frequently observed in human social interaction, many questions concerning alcohol's effects on the processing of sexual stimuli and brain functionality remain unanswered. Erotic films eliciting sexual arousal in humans and affect electroencephalographic (EEG) activity. This study examines the effects of alcohol on cortical EEG activity in young men while viewing an erotic film. Heterosexual males participated in an independent alcohol/placebo group protocol. Thirty-five minutes after beverage ingestion, EEGs were recorded at prefrontal, temporal and parietal derivations in three conditions: baseline, and while watching erotic and neutral films. During the observation of erotic films, only the participants who drank the placebo beverage showed a decrease in alpha1 and an increase in the fast frequencies of the prefrontal regions, as well as a decrease in inter-prefrontal synchronization in the alpha and beta bands. Alcohol suppressed the prefrontal EEG changes associated with watching erotic visual stimuli without affect the sexual arousal. EEG data show that alcohol affecting the functioning of the prefrontal cortex, which could interfere with the adequate processing of visual erotic stimuli. These findings may contribute to improving our understanding of the brain mechanisms that underlie alcohol's effects on the processing of sexual stimuli.
Introduction
In human social interaction, the ingestion of alcohol has been frequently associated with feeding, parties and typical early dating [1, 2] . Red wine is one type of alcoholic beverage that induces euphoric and relaxing effects in drinkers, which is used in many social contexts, such as sexual encounters. Basic research has established that alcohol impairs cognitive functions such as selective attention [3] , cognitive control [4, 5] , and information processing [6] . Given that these fundamental processes lie upstream from the performance of more complex social perception tasks, alcohol also interferes with the perception and adequate interpretation of sexual cues [7] .
It has been described that low and moderate doses of alcohol induce an aroused state associated with a lack of sexual inhibition [1] together with an increase in sexual arousal [8, 9] ; whereas high doses make sexual behavior and penile erection difficult [10] . This effect on penile erection (the main index of sexual arousal) has been attributed to alcohol's action on the prefrontal cortex (PFC), since this structure is particularly vulnerable to acute or chronic alcohol consumption [11, 12] , and plays a pivotal role in the inhibition of sexual impulses [13] [14] [15] , the processing of sexual motivation/aroused states [16] [17] [18] [19] , and cognitive processing [20] .
Several studies have demonstrated the effectiveness of erotic films in eliciting sexual arousal in humans [21] [22] [23] using both, questionnaires or verbal reports as well as objective measures (changes of the penile circumference) [24, 25] . Associated with this sexual arousal state induced by observation of erotic films, characteristic EEG changes has been reported, such as increases in the fast frequencies and decreases in the synchronization between cortical areas of young men [26] [27] [28] .
Alcohol also affects EEG activity. Schwartz and colleagues [29] have suggested that during the first 30 minutes-the so-called absorption phase-alcohol produces an increase in the fast frequencies but a decrease in slow activity. However, in the ensuing early elimination phase (descending Blood Alcohol Concentration levels), this drug acts as a depressant, exercising a sedating effect associated with a reverse EEG pattern. In a previous study, similar EEG changes were reported after the ingestion of red wine in young men [30] .
Despite considerable interest in the neural basis of alcohol effects, the question of how this drug affects brain functionality during sexual arousal has received little attention. Considering that the PFC and its connections with other cortices has been involved in the processing of motive-emotional states as well as in the alcohol effects, it is most likely that alcohol changes the EEG activity of the prefrontal, parietal and temporal cortices in young men while watching erotic films.
Methods

Participants
Twenty-four healthy heterosexual males aged 23 to 31 (mean, 27; SE = 0.044) with a mean body mass of 77.6 kg were voluntary participants. None had any prior history of neurological or psychiatric disorders and all were non-drug users. None were taking medication that might have influenced their EEGs. Although all subjects had experience with alcohol, they did not indulge in excessive or binge drinking (less than one drink per day). The study was approved by the Institute's Research Ethics Committee and complied with APA ethical standards. The men were only allowed to participate after giving their informed consent. They were asked to refrain from drinking any caffeine or alcohol during the 12 h prior to the EEG recording sessions, and were also asked to have breakfast or lunch 2 h beforehand. Participants attended an experimental session, where they received the placebo or red wine. The assignation of subjects to the groups was random. Those in the alcohol group (AG, n = 12) drank 4.3 ml/kg of red wine (equivalent to 0.45 g/kg of ethanol), whereas the placebo group (PG, n = 12) drank the same dose, which was presented as wine, though they actually ingested a grape beverage with a similar flavor, color and texture to red wine, but with the alcohol removed. To give the placebo an alcoholic odor, 3 ml of red wine were added just before it was given to the subjects. All men were asked to finish their drink within 8 minutes.
Films
The visual stimuli used consisted of fragments from two color films (neutral or erotic) without sound, which were presented in a random order (each for 5 minutes) on a 14" screen. The neutral stimulus was taken from "The Long Shadow" [31] and showed a man walking through a crowd; the erotic stimulus was extracted from "The Catwoman" [32] , a film that shows erotic scenes and explicit sexual interaction.
Scales
To select only heterosexual males with no sexual dysfunctions, two scales were applied immediately upon completing the EEG recordings: the "Kinsey Scale" [33] and the "Arizona Sexual Experience Scale" (ASEX) [34] . To evaluate the degree of sexual arousal induced in the subjects during observation of the erotic film, at all participants was applied a Likert-type Sexual Arousal Scale (SAS) that was created by the authors and has been used in other studies (Figure 1 ) [35] . Both the selection of the neutral and erotic films and the use of the SAS scale were based on pilot studies.
Blood Alcohol Concentration (BAC)
A breath analyzer (Alcoscan AL-6000) was used to measure each participant's BAC. Readings were taken at the beginning of the experimental session (5 min before beverage consumption), 25 min after ingestion (right after EEG baseline recording), and before viewing the erotic or neutral films.
EEG Procedure
EEG recordings were made in a sound-attenuated room at 22˚C -23˚C, between 10:00 -14:00 h. EEGs from six derivations of the International 10/20 System [36] (F3, F4, T3, T4, P3 and P4) were collected using Grass golden cup electrodes referenced to linked earlobes, with impedances kept below 10 Kohms. The EEG data were recorded using a Grass P-7 polygraph (Grass Technologies, Co., USA) with filters set at 1 -30 Hz, digitized at a ampling rate of 512 Hz, and stored on a PC using the
Scales
s CAPTUSEN acquisition software [37] .
All EEG recordings were made 35 min after beverage in ere analyzed off-line to eliminate sat
Statistical Analysis
e EEG parameters, the gestion in a sound-attenuated room in three conditions, each of which lasted 5 minutes: at rest with eyes open -considered as baseline (BL)-and while watching the neutral or the erotic film. The order in which the visual stimuli were presented was counterbalanced. Between conditions, there was a 5-minute interval during which BAC was measured.
The EEG signals w urated or artifact-contaminated epochs. Fast Fourier Transform (FFT) analyses were then applied to the artifact-free data in 2-s epoch samples, with the spectral graph ranging from 0.5 -30 Hz at 0.5 Hz-resolution. FFTs were performed using EEGmagic software [38] to calculate: 1) absolute power (AP), defined as the power density of each frequency band expressed in microvolts squared (μV2/Hz); 2) relative power (RP), the proportional contribution of each band to total power across 1 -30 Hz and; 3) correlation, the degree of functional coupling between the prefrontal and parietal or temporal cortices in each one of the six frequency bands monitored: namely, delta (1 -3.5 Hz), theta (4 -7.75 Hz), alpha1 (8 -10.5 Hz), alpha2 (11 -13.5 Hz), beta1 (14 -19.5 Hz) and beta2 (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) . Correlation values were averaged over all epochs of the same condition for each subject and pair of derivations. In order to approximate a normal distribution, the AP and RP values were transformed into logarithms and the correlation values into Fisher's z scores before commencing statistical analysis.
For the statistical analysis of th baseline condition was subtracted from the neutral and erotic film conditions, respectively. To test for differences between groups (alcohol vs. placebo) and conditions (neutral vs. erotic films), split-plot ANOVAs (group × condition) were performed for each derivation and band, using EEGmagic software [38] . This analysis was also performed for the values recorded on the Kinsey, ASEX and SAS scales. Post-hoc comparisons (Tukey's test) were used to determine where differences occurred (p < 0.05).
BAC
The averag ingestion was 0.035 ± 0.061 (mean ± D.E.M) g/l and it remained stable throughout the subsequent measuring times. There were no significant differences among the three BAC measures.
cale showed t The Kinsey s terosexual, whereas termediate level of sexual arousal (mean 11.875 ± 1.98) with no evidence of any sexual dysfunction. With respect to evaluations of the videos, the results of the SAS scale showed no significant difference between groups, but significant differences between the films did appear, F (1,23) = 71.15; p ≤ 0.0001. Tukey's HSD tests showed that only the erotic film generated sexual arousal, in contrast to the neutral video ( Table 1) Some significant interactions among groups and conditions were found at F4. As Figure 2 shows, only the acebo group (PG) showed a difference between the videos, as the erotic film presented a higher AP in the beta2 compared to the neutral video at F4, F(1,22) = 5.32, p = 0.029.
Relati
lower RP in the alpha2 0.046, as well as a tendency (not significant) to decrease the RP of beta2.
Also observed was a main effect between conditions. During the erotic pha2 RP at F3, F ( Interactions between groups and conditions were significant. As shown in Figure 3 , rences between the film conditions in the prefrontal areas, as the erotic video was associated with a decreased RP in alpha1 at F3, F(1,22) = 4.65, p = 0.040, and F4, 
Inter-Hemispheric Correlation
In the ANOVA of this parameter, only conditions appeared, with the erotic film producing a lower inter-prefrontal correlation than the neutral one in alpha1, F(1,22) = 7.83, p = 0.01019, alpha2 F(1,22) = 8.07, p = 0.00929, and beta1 F(1,22) = 6.23, p = 0.01949. Also, as the interaction between groups and conditions illustrated, this effect was only evident in the PG of alpha2 F(1,22) = 6.06, p = 0.02102, and beta1 F(1,22) = 5.69, p = 0.02470 (Figure 4). 
Intra-Hemispheric Corr
There was a main effect of conditions i where the F3-P3 correlation was higher during erotic video than during the neutral one F(1,22) = 5.06, p = 0.03299.
Discu
The data obtained suppresses the prefrontal EEG changes associated with observing visual erotic stimuli in young men, though without affecting the level of sexual arousal they reported.
Previous studies have shown that alcohol does not affect sub red did not affect the men's self-perceptions of sexual arousal, so that the participants in AG had similar perceptions of their subjective sexual arousal to those of the men in PG.
Additionally, some studies have suggested that the fact that subject's believe they are drinking an alcoholic beverage, even with no real alcohol administration, can increase subjective sexual arousal [8, 24, 40] . In our study, participants in both groups believed they had ingested red wine. This expectation could affect subjective sexual arousal in the same way in both groups, such that no differences emerged between them.
Although no differences were obtained in the sexual arousal level between groups, clear EEG differences between the erotic and neutral visual stimuli were observed. Only the participants who drank the placebo beverage showed a decrease in alpha1 and an increase in the fast frequencies (beta1 and beta2 bands) in the prefrontal regions, together with a decrease in the inter-prefrontal synchronization in the alpha and beta bands during observation of the erotic film. These EEG changes have traditionally been associated with an activated state [41] , cortical arousal [42, 43] and increased attention [44] . Thus, it is probable that the prefrontal EEG changes that subjects in PG prvesented are associated with the higher attention they manifested while watching the erotic stimuli.
On the other hand, and regardless of the kind of film viewed, in this study subjects in AG presented lower fast been related to attention [48, 49] . Attention is a fr and erotic film conditions, respectively. AE, alcohol erotic; AN, alcohol neutral; PE, placebo erotic; PN, placebo neutral. Asterisks indicate significant differences (p < 0.05) on the Tukey's HSD test.
frequencies in the right parietal cortex, a characteristic EG pattern of the descending phase of BAC. It is well deficit disorder [47] . Alpha activity, especially in alpha2, has also E known that the parietal lobes play a fundamental roll in orientation and selective attention [45] , that beta activity has been associated with vigilance and selective attention [18, 46] , and that a decrease in this band has been observed in psychopathological states, such as attention cognitive process that has been shown to be sensitive to the effects of alcohol, so our EEG data are congruent with the findings of several other studies that have demonstrated that alcohol has a deleterious effect on attention [3, 50] , and reduces cortical arousal [51] .
Alcohol intoxication disrupts cognitive capabilities and may thereby compromise the ability to adequately process erotic stimuli. Thus, the possible effect of alcohol on EEG activity in the prefrontal cortex could be as network. Erotic visual stimuli elicit a la sociated with deficient processing of the visual stimuli. It is well known that alcohol is a depressor of the central nervous system and that the prefrontal cortex is one of the more sensitive cortical areas to its effects. Moreover, the significant role that the prefrontal cortex plays in the processing of relevant stimuli (such as erotic films) has been reported [17] . Thus, it is also possible that alcohol could affect the adequate functioning of this cortical area such that the characteristic prefrontal EEG changes associated to watch visual erotic stimuli were not observed. In other words, it is probable that alcohol impedes the adequate processing of each visual stimulus, causing the prefrontal cortices to function similarly during the observation of both the neutral and the erotic films, though without affecting self-perceptions of sexual arousal in the subjects in AG.
Previous evidence based on event-related brain potentials (ERPs) suggests that biologically relevant stimuli, like erotic ones, receive prioritized processing in the attentional neural rger positive wave that may begin at 185 ms poststimulus and continue to 300 -700 ms [16, 52, 53] . In the present study, regardless of the beverage ingested, the erotic film generated an increase in delta activity, but a decrease in the alpha2 and beta1 bands in the parietal lobes. These parietal EEG changes could be associated with a regional reduction of cortical arousal necessary for the attention to internal sensations that sexual arousal induces. Previous papers have proposed that an increase in delta and alpha2 activity in the temporal-parietal area during the performance of mental tasks might be associated with attention to internal processing [54] , internal speech, storage, and the rehearsal of verbal working memory [55] .
Similar EEG parietal changes were found by Dimpfel et al. [56] , who observed an increase in delta activity but a decrease in alpha activity while subjects viewed erotic films.
Additionally, we found, mainly in PG, that erotic stimuli produced a lower inter-frontal correlation. This hemispheric asymmetry associated with the sexual arousal induced previous experiment that also found a decreased inter-frontal correlation during the observation of erotic pictures [28] . Our data on absolute power support this decreased correlation, as only the right frontal lobe presented an increase in the beta2 band. This asymmetry could be a consequence of hemispheric differences in the processing of sexual stimuli and sexual arousal. In this instance, studies of EEGs have demonstrated that the sexual arousal state in men is associated mainly with an activation of the right hemisphere [26, 27, 57] , though neuroimaging studies support the involvement of certain left hemisphere regions in sexual arousal [58, 59] .
Finally, the erotic video increased left frontal-parietal synchronization in the theta band, which could be related to an emotional response to this stimulus. Previous studies have shown that the synchronization between terior and posterior cortices increased during positive emotional states, especially in the theta [60] and alpha bands [61] . This may be consistent with the findings on EEG during orgasm reported by Cohen et al. [26] , who observed an increase in theta activity. In addition, during sexual arousal, Tucker et al. [57] observed an increased synchronization among cortical regions in the theta and beta2 bands, though this rise appeared only in the right hemisphere.
In conclusion, alcohol suppressed the prefrontal EEG changes related to the observation of erotic visual stimuli, though without affecting the sexual arousal they generated. The pa anges associated with low attention, but no EEG changes during erotic stimulation; whereas the subjects that drank the placebo beverage showed clear EEG differences between the erotic and neutral film conditions. This deleterious effect of alcohol on the adequate functioning of the prefrontal cortex could interfere with the perception and adequate interpretation of erotic stimuli in young men.
Additional research is required, particularly concerning the objective measures of the penile erection while the subjects watch the erotic films in order to discern if, the decreased ted to increased sexual arousal and, hence, if it EEG changes can be used as index of the sexual activation in young men.
